Objective: The aim of the study was to examine the relationships between nutritional status and diarrhoea and respiratory infections. Design: Prospective cohort study within the framework of a randomized double-blind placebo-controlled intervention trial. Setting: In rural communities in the Khartoum and Gezira regions, in Northern Sudan. Subjects: 28,753 Sudanese pre-school children between 6 months and 6 y old. Methods: Relative risks of subsequent diarrhoea and respiratory infections in relation to nutritional status measured by anthropometry (Z-scores of height-for-age (HaA), weight-for-height (WaH), and weight-for-age (WaA), which re¯ect stunting, wasting and underweight, respectively) were estimated using odds ratios from logistic regression adjusting for various covariates. Results: HaA, WaH and WaA were signi®cantly and inversely associated with subsequent diarrhoea and febrile diarrhoea (P for trend`0.001) with risks being 2.00 times higher (95% con®dence interval, CI (1.64, 2.43)) among children with WaA Z-scores below 74 Z, and 1.75 times higher (95% CI (1.56, 1.96)) among those with a WaA Z-score between 74 and 73 Z compared with children having a WaA Z-score ! 1. Age, gender, region of residence and seasonality modi®ed these associations. Also, febrile cough was inversely associated with WaA and WaH (P`0.03), with risks ranging from 1.41 times higher (95% CI (1.02, 1.97)) to 1.21 times higher (95% CI (1.04, 1.41)) in the group of underweight children with WaA Z-scores below 74 and between 72 and 71 Z, all compared with normally nourished children ( ! 71 Z). Conclusions: The reduction of severe but also mild and moderate undernutrition is necessary through nutrition, health and socio-economic improvement in order to prevent morbidity.
Introduction
Diarrhoea and respiratory infections are leading causes of child deaths, and the majority of these occur in developing countries (Tulloch & Richards, 1993) . Undernutrition is known to adversely affect speci®c and non-speci®c defence mechanisms resulting in increased susceptibility to infections. This, in turn, can cause further deterioration in nutritional status through reduced food intake, malabsorption, mobilization of body stores, increased losses and other systemic reactions that can affect linear and ponderal growth (Scrimshaw, 1992) . Scrimshaw (1992) , Santos (1994) , and Rivera and Martorell (1988) have comprehensively reviewed evidence of the synergistic relationship between undernutrition and infection. Community-based studies investigating associations between nutritional status and morbidity from diarrhoea and respiratory infections have reported inconsistent results. A study from Nigeria showed that moderate and severe undernutrition were associated with both the incidence and duration of diarrhoeal disease (Tomkins, 1981) , while three other studies observed positive associations between undernutrition and the incidence of diarrhoea only (Sepu Âlveda et al, 1988; El-Samani et al, 1988; Lindtjùrn et al, 1993) . Yet another three studies found positive associations between severe and moderate undernutrition and the duration or percentage of annual time with diarrhoeal illness, but not the incidence of disease (Trowbridge et al, 1981; Black et al, 1984; Bairagi et al, 1987) . In two studies, no associations were observed between nutritional status and the incidence or duration of diarrhocal disease (Chen et al, 1981; Mathur et al, 1985) .
Few community-based prospective studies have examined the relationship between nutritional status and acute respiratory infections. Signi®cant positive associations have been observed between stunting and wasting and the incidence (Tupasi et al, 1988 (Tupasi et al, , 1990 Ballard et al, 1995; Smith et al, 1991) or duration of respiratory infections (James, 1972) . Such associations were not found in a study in Southern Ethiopia (Lindtjùrn et al, 1993) . Some of the inconsistencies in the results may have been due to the differences in the design, demographic structure of the study populations, choice and classi®cation of the nutritional indices and morbidity, or the analytical procedures used in the studies.
To investigate the relationships between nutritional status and morbidity from diarrhoea and respiratory infections, we analysed data from a cohort of Sudanese children collected within the framework of the Sudan vitamin A study (Herrera et al, 1992) .
Methods
The Sudan vitamin A study was conducted in ®ve rural councils in Northern Sudan and included 17,031 eligible households with 29,615 children between 6 and 72 months old. Approximately 3% of the children were treated for signs of vitamin A de®ciency at baseline and excluded from the study (Herrera et al, 1992) . The 28,753 children enrolled in the study were visited after 6 months (round 2) 12 months (round 3) and 18 months (round 4). At each round the children enrolled received either 200,000 IU vitamin A with 40 IU of vitamin E or 40 IU of vitamin E alone. Follow-up rates were 92% for the ®rst round, 87% for the second, and 84% for the third round. Information on socio-economic factors collected at baseline included maternal and paternal literacy, the availability of water and a latrine in the house, region of residence, and a subjective assessment of household wealth (on a fourpoint scale). Seasonal variation was re¯ected by calendar month of each visit. Further details of the study design have been published elsewhere (Herrera et al, 1992; Fawzi et al, 1994) .
Anthropometric measurements of weight (to the nearest 100 g) and height (to the nearest 0.1 cm) were taken at each round at a central location using a Salter-hanging-scale and a locally-made anthropometer, respectively. Z-scores for height-for-age (HaA) re¯ecting stunting, weight-for-height (WaH) re¯ecting wasting, and weight-for-age (WaA) re¯ecting underweight were calculated using the Centre for Disease Control Anthropometric Software Package (CASP), based on the growth curves of the National Centre for Health Statistics (Hamill et al, 1977) . Z-scores were used as a continuous variable and as discrete categories using ®ve one-Z-score intervals ranging from below 74 Z to 71 Z or higher. Children with a Z-score below 72Z were considered undernourished, those with Z-scores between 73 and 72 Z moderately undernourished, those with Z-scores between 74 and 73 severely undernourished, and those below 74 Z as very severely undernourished (Beaton et al, 1990) . Children having Z-scores of 72 Z or above were considered not undernourished or as normally nourished.
At each round information on dietary vitamin A intake was obtained by asking the mothers whether the child had eaten any of 30 listed foods or a composite dish containing any of those foods during the day preceding each visit. The approximate dietary vitamin A intake of preformed vitamin A, carotenoid precursors of vitamin A, and total vitamin A grouped in quintiles, was calculated for each child by multiplying the nutrient content of each food item by an assumed averaged portion as described in detail by Fawzi et al (1994 Fawzi et al ( , 1995 . Mothers were also asked whether the child was exclusively breast or bottle-fed, fed by a combination of both, breast-fed and given complementary food, or fully weaned. Few infants and young children were exclusively breast-fed; thus, fully or partially breast-fed children were grouped into one category.
At each round morbidity was recorded based on the reported presence of speci®ed symptoms during the week preceding each visit. Morbidity was grouped into seven mutually exclusive categories: no morbidity, diarrhoea alone (de®ned as three or more loose or watery stools per 24 h period), diarrhoea with fever, cough alone (lasting more than 24 h), complicated cough (cough with fever andaor diarrhoea), fever alone, and measles. In some analyses the category`complicated cough' was subdivided into cough with fever, cough with diarrhoea, and cough with both diarrhoea and fever.
Each child was considered as a new observation at the beginning of each round, conditional on hisaher presence at the beginning of the subsequent round, resulting in 73,363 observations, each contributing six child-months. Nutritional status based on anthropometric measurements was used to prospectively predict morbidity 6 months later. The analyses were also done separately for each round and also limited to children free of symptoms at the beginning of each round. Data on morbidity and anthropometry at the beginning of the rounds were missing for approximately 5% of children, who tended to be from poorer households, at rounds two and three.
Risk estimates with 95% con®dence intervals (CI) for morbidity from the speci®ed symptoms in relation to nutritional status were computed using odds ratios (OR) from multivariate logistic regression models, with the reference category being that which re¯ected the best nutritional status in the respective analysis ( ! À1 Z or ! 72 Z). Adjustments were made for variables that were for most cases signi®cantly associated with the speci®ed symptoms, that is age (four indicator variables, reference category: ! 48 months), gender, socio-economic variables like the presence of a latrine or piped water in the house or maternal literacy (all yesano), region of residence (four indicator variables, reference category: region Abu Dileig), household wealth (ordinal with four levels), periodic vitamin A supplementation during the study (yesano), dietary vitamin A intake (ordinal in quintiles), feeding practices (breast-feeding under the age of 24 months: yesano) and season (®ve indicator variables, reference category: Jan ± Feb). Household wealth, which was assessed by the interviewers on a four-point scale, was positively correlated with the presence of a latrine and piped water in the house as well as maternal literacy, and was included in the model as an independent indicator of socio-economic status. We expected recent morbidity would affect acute nutritional status and thus included information on the presence of the speci®ed symptoms (using three indicator variables: diarrhoea and febrile diarrhoea combined, cough and complicated cough combined, and measles and fever combined) in the regression models. Tests for trends in the relationship between nutritional status and morbidity were performed with nutritional status as a continuous variable. We controlled for HaA (continuous variable) when examining the relationship between wasting and subsequent diarrhoea or respiratory symptoms, and vice versa, to re¯ect the effects of past and current insults on nutritional status (Beaton et al, 1990) . The relationship between undernutrition and measles was not examined in detail due to the small number of cases.
The relationships between of HaA, WaH and WaA and diarrhoea, diarrhoea with fever, cough, and cough with fever were examined across categories of age (®ve levels: 6 ± 11, 12 ± 23, 24 ± 35, 36 ± 47, and 48 months or older), gender, vitamin A supplementation (placeboavitamin A), dietary vitamin A intake (quintiles), breast-feeding (yesano), region (®ve geographical regions: Abu Dilieg, Ri® Genoub, El Jaeli, Ri® Shamal, and Gezira) and season (six 2-month intervals). The risk estimates derived from the prior analyses did not markedly differ in the two categories ! 71 Z or ! 72 Z, thus, we combined these two categories as one in the strati®ed analysis. To test formally for interactions, product terms for the nutritional indicator and the variable of interest were included in the models and log-likelihood-ratio tests were done.
Statistical signi®cance was de®ned as a probability level below 0.05. The analyses were done using Statistical Analysis System (SAS), version 6.04. The study was approved by the Committee on the Use of Human Subjects in Research of the Harvard School of Public Health, the Director General of Primary Health Care of the Ministry of Health in the Sudan, and both the Directors of Health for Khartoum and Central Regions.
Results
Morbidity rates among all children (per 1000 child-months) were 9.6 for diarrhoea alone, 1.6 for diarrhoea with fever, 10.7 for diarrhoea and diarrhoea with fever combined, 26.7 for cough alone, 6.5 for complicated cough with rates of 3.6 for children with cough and fever, and 11.5 for fever alone. The prevalence of diarrhoea, diarrhoea with fever, and cough with fever was highest in the age-group 6 ± 23 months and cough alone in the age groups 24 ± 35 and 36 ± 47 months.
All three nutritional indices HaA, WaH and WaA re¯ecting nutritional status were signi®cantly associated with age, region of residence as well as seasonality and signi®cantly and inversely with breast-feeding, the availability of water in the house and household wealth. Gender was only signi®cantly associated with WaA and WaH, and maternal literacy signi®cantly and inversely with HaA and WaA only. The prevalence of stunting and of wasting was signi®cantly higher among children from poorer households, among those living in households that did not have piped water, as well as among breast-fed children (Table 1) . Breast-feeding was protective against wasting and stunting among the under 2-y-old children with 42% higher risk of stunting (95% CI (33%, 51%) comparing non-breast-fed children with those being breast-fed).
An inverse relationship between diarrhoea and febrile diarrhoea and nutritional status was observed, and because the associations went in a similar direction and were only slightly more pronounced for febrile diarrhoea than for diarrhoea alone, the two categories were collapsed into one, namely diarrhocal disease. Results from the multivariate logistic regression analyses for diarrhoeal disease in relation to nutritional status, after adjusting for covariates, are presented in Table 2 .
Very severely stunted children were 1.50 times (95% CI (1.33, 1.69)) more likely to have had subsequent diarrhoeal disease than children whose HaA Z-score was 71 Z or above, after adjusting for age and gender (Table 2, I, model a). The multivariate association after adjustments for socioeconomic variables, morbidity at the beginning of the respective round, dietary variables and season was stronger with 69% higher risk of subsequent disease (95% CI (49%, 92%), Table 2 , I, model b). Including WaH as a continuous variable in the models did not improve the predictive power (Table 2, I , model c), although the association was statistically signi®cant (P`0.001).
Mild and moderate and severe wasting increased the risk of subsequent diarrhoeal disease by 9% (95% CI (2%, 17%)) and 34% (95% CI (21%, 48%), respectively), even Stunting and wasting (per 1000 child-months) re¯ected by height for age (HaA) and weight for height (WaH), respectively, based on the cut-off of 72 Z; 4% of the children had both HaA and WaH Z-scores below 72 Z. P-values are from Maentel ± Haenszel w 2 tests.
after controlling for the covariates. Among the very severe wasted children (below 74 Z) this association was stronger but lacked signi®cance (Table 2 , II, model b). Adjusting for HaA resulted in a slightly stronger and signi®cant association, although only among the very severely undernourished children (model c).
The age and gender adjusted risk of diarrhoeal disease among the very severely and severely underweight children was 74% higher (95% CI (44%, 110%)) and 62% higher (95% CI (46%, 81%)), respectively, than among children with WaA Z-scores ! À1 (Table 2 , III, model a). This association was stronger after adjustments for further covariates and the risks of diarrhoeal disease among the very severely and severely underweight children increased by 100% (95% CI (64%, 143%)) and 75% (95% CI (56%, 96%)), respectively (Table 2, III, model b), compared with children having a Z-scores of ! À1. Among children with febrile diarrhoea only (data not shown), those who were very severely or severely underweight were at a 182% higher risk (95% CI (82%, 335%)) and a 114% higher risk (95% CI (61%, 185%)) of subsequent disease, respectively. The risk of diarrhoeal disease among moderately undernourished children was increased by 30 ± 36% even after adjusting for covariates (Table 2 , I ± III, models b). Mild stunting increased the risk of diarrhoeal disease by 15% (95% CI (5%, 25%)) similar to the risk for mild underweight, and both risks were higher than the 9% increase in risk among the mildly wasted children, all compared with children with Z-scores ! À1 (Table 2 , II, models b and c).
Tests for trend of diarrhoeal disease in relation to HaA, WaH and WaA were signi®cant for all predictors (P`0.001, model b). Limiting the analyses to children free of symptoms at baseline or repeating the analyses using the cut-off 72 Z or examining these associations by round did not change the results substantially for any of the symptoms.
Including WaH in the models to estimate the associations between morbidity and HA, and vice versa, did not substantially change the results, which remained signi®-cant; thus, the models without these variables were used in the strati®ed analyses, which were done to examine the potential modi®cation of the association between diarrhoeal disease and undernutrition by other variables. The results are presented for underweight (Table 3) , because the associations were strongest with weight for age in this study, although the relationships between HaA or WaH and subsequent diarrhoea were similar.
Age, region and season were strong independent predictors of diarrhoeal disease (P`0.001 in all cases). Among normally nourished infants (Table 3 , column 3) those over 12 months old were at a 6.38 times greater risk of subsequent diarrhoeal disease (95% CI (5.12, 7.95)) while those of 12 ± 23, 24 ± 35, and 36 ± 47 months of age were at a 4.46 (95% CI (3.89, 5.12)), 2.77 (95% CI (2.43, 3.16)), and 1.78 (95% CI (1.54, 2.05)) times greater risk, respectively, compared with children older than 48 months. Normally nourished boys were at an 8% lower risk (95% CI (716%, 1%)) of subsequent disease than girls, but this P-values of tests for trend from logistic regression models adjusting for the speci®ed covariates and using nutritional status as continuous variable.
Undernutrition and childhood infections J Kossmann et al difference was not statistically signi®cant. Among the normally nourished children those breast-fed were 23% less likely (95% CI (733%, 711%)) to have had subsequent diarrhoeal disease compared with non breast-fed children.
Compared to children living in Abu-Dileig, normally nourished children living in Gezira were 30% more likely (95% CI (9%, 57%)) to have had subsequent diarrhoeal disease, while those in Ri® Shamal and Ri® Genoub were at a 29% (95% CI (745%, 79%)) and 33% (95% CI (746%, 716%)) lower risk of subsequent diarrhoea. Among normally nourished children, the risk of diarrhoeal disease was 40 ± 50% lower in the hot dry months (May ± December) than in the cool months of January ± February.
Among undernourished children (Table 3 , columns 4 ± 7), severe underweight increased the risk of diarrhoeal disease in all age-groups, especially among infants under 12 months by 93% (95% CI, 17%, 219%) and children between 36 and 47 months old by 85% (95% CI, 50%, 128%) compared with better nourished children having a Z-score of ! 72. Moderate underweight increased the risk of diarrhoeal disease in the two youngest age groups by 17 ± 28% compared with their normally nourished cohorts. The elevated risk of diarrhoea was similar for moderately underweight girls with 15% (95% CI, 3%, 28%) and 17% (95% CI, 10%, 29%), respectively, and boys with 15% (95% CI, 3%, 28%) and 17% (95% CI, 10%, 29%), respectively, compared with normally nourished boys and girls.
Severely underweight non breast-fed children under 2 y old were at 57% greater risk (95% CI (24%, 99%)), and those breast-fed at 46% greater risk (95% CI (17%, 82%)) of subsequent diarrhoeal disease compared with normally nourished children.
For children living in any region except for Ri® Shamal, being severely underweight increased the risk of diarrhoeal disease by 51 ± 75% compared with normally nourished children living in the same region. In Abu Dileig and Gezira moderate underweight also increased the risk of diarrhoeal disease signi®cantly by 26% (95% CI (2%, 56%)) and 24% (95% CI (12%, 38%) ), respectively.
Throughout the study severely underweight children were at a greater risk of diarrhoeal disease than the normally nourished underweight children, but those who were weighed and measured between March and August were at 76 ± 78% greater risk of diarrhoeal disease than their normally nourished cohorts measured at the same time of the year. Similarly, moderately underweight children weighed and measured between March and August were at signi®cantly greater risk of diarrhoeal disease than their normally nourished cohorts.
Cough alone was signi®cantly and inversely associated with wasting and underweight (P for trend`0.01 for both: data not shown). Among the very severely wasted and very severely underweight children, the risk estimates for cough were 0.59 (95% CI (0.36, 0.97) and 0.67 (95% CI (0.57, 0.80)), respectively, compared with those for children having a Z-score ! À1 (data not shown).
Cough with fever was also signi®cantly and positively associated with wasting and underweight (tests for trend: P 0.029 and P 0.025). In multivariate analysis as shown in Table 4 , severe stunting did not predict subsequent febrile cough, while very severe wasting increased the age and gender adjusted relative risk by 125% (95% CI From multivariate models including weight-for-age (WaA) Z-scores, age, gender, piped water in the house, latrine in the house, maternal literacy, wealth, region of residence, vitamin A supplementation during the study, dietary vitamin A intake, morbidity in the previous round, breast-feeding, and season as further speci®ed in the text. d The analysis involving breast-feeding was limited to children under the age of 2 y. e w 2 as the difference between the À2 log-likelihood of models with and without respective interaction product term; d.f. degrees of freedom.
Undernutrition and childhood infections J Kossmann et al (14%, 342%)) and very severe underweight by 96% (95% CI (42%, 168%), models a). After adjusting for these and the other covariates, the association was borderline signi®cant among the severly wasted children and remained signi®cant among the very severely underweight children, whereupon the risk of febrile cough increased by 41% (95% CI (2%, 97%)) compared with normally nourished children above 71 Z (Table 4 , II and III, model b). The associations between severe stunting and severe wasting and febrile cough were not signi®cant. Mild and moderate stunting and underweight were similar in their predictive ability, while mild and moderate wasting did not signi®cantly predict febrile cough after adjusting for covariates other than age and gender. Adjusting for HaA and WaH, as in model c, did not change the results markedly, and neither did repeating the analyses using 72 Z as cut-off to de®ne normally nourished.
Complicated cough (cough and fever andaor diarrhoea) was signi®cantly associated with stunting and underweight (P for trend`0.001 for HaA and WaA) and the associations were slightly stronger than those between nutritional status and febrile cough (data not shown).
Results for the strati®ed analyses of the relationships between febrile cough and underweight are given in Table 5 .
The stratum-speci®c risk of cough with fever among betteranormally-nourished children were highest in the 12 ± 23 months age-group, non-breast-fed children under 2 y old, children living in Ri® Genoub, and among those weighed and measured in September and October (Table 5 , column 3). For speci®c variables, severe underweight increased the risk of febrile cough among children 48 months or older by 55% (95% CI (18%, 103%)), among those living in Ri® Genoub by 33% (95% CI (1%, 75%)), and among those weighed and measured in July and August by 47% (95% CI (8%, 100%)), compared with their cohorts having a Z-score of ! 72. Similar results were obtained for moderate underweight. Modi®cations to the relationship between febrile cough and HaA and WaH followed similar patterns to those for WaA. Unlike for diarrhoeal disease, formal tests for interaction were not signi®cant for any of the characteristics studied (Table 5 , columns 4 ± 7).
Discussion
Signi®cant and positive associations were observed between HaA, WaH and WaA and diarrhoeal disease and febrile cough. In view of the large study population, re¯ected in narrow con®dence intervals, chance is an unlikely explanation of the results. This study, however, has some limitations. Despite standardized procedures and the well-trained staff, measurement and recording errors could have resulted in misclassi®cation of nutritional status that would have affected the strengths of associations, but this was most likely of a non-differential nature with respect to the outcome.
Misclassi®cation of diarrhoea, cough and fever was possible because these symptoms are susceptible to misinterpretation. Random misclassi®cation of a binary outcome in effect does not affect the risk estimate in a prospective study but precision decreases with non-differential under-reporting of cases (Rothman, 1986) . Underreporting of illness-related events increases with time after Multivariate models included nutritional status: height-for-age (HaA), weight-for-height (WaH) and weight-for-age (WaA) respectively (four indicator variables, reference: Z-score of 71 or above), age (0 ± 11, 12 ± 23, 24 ± 35, 36 ± 47 and ! 48 months), sex and successively variables assessing socioeconomic status (SES) that is, water piped water in the house, latrine in the house, maternal literacy (all yesano), household wealth (ordinal with four levels), region of residence (four indicator variables) and variables accounting for vitamin A intake: periodic large dose supplementation during the study (vitamin Aaplacebo) and dietary vitamin A intake (ordinal in quintiles), as well as morbidity in the previous round (three indicator variables), season (®ve indicator variables) and HaA and WaH Z-score (continuous), as further speci®ed in the text. P-values of test for trend from logistic regression models adjusting for the speci®ed covariates and using nutritional status as continuous variable.
Undernutrition and childhood infections J Kossmann et al the event and decreases with severity if reporting is not differentially related to covariates such as education and poverty (Martorell et al, 1976) . Substantial bias is unlikely in this study although severe morbidity may have been better recalled. Differential over-reporting of morbidity among undernourished children andaor selective underreporting among better nourished children could have over-estimated existing or even created spurious associations. Assuming that lower household wealth and less maternal education, both signi®cantly and positively associated with undernutrition, implied`less awareness' of morbidity, true associations would have been underrather than over-estimated. Children with selectively missing anthropometric measurements or information on morbidity tended to be from poorer households, also potentially resulting in an underestimation of the strength of the association. Follow-up rates were high at all three rounds, therefore, such bias is unlikely to be substantial. Anthropometric indices of nutritional status have been validated as indicators for increased risk of mortality in this study population (Fawzi et al, 1997) and others (Pelletier, 1994) . Wasting, as low WaH, re¯ects recent insults to nutritional status, while stunting (HaA) re¯ects the cumulative effect of previous undernourishment, except for the very young children where linear growth is also closely related to recent insults to nutritional status. Underweight de®ned as low weight-for-age re¯ects both recent and previous insults to nutritional status (Waterlow et al, 1977; Beaton et al, 1990) . In prospective studies the predictive power of nutritional indices for morbidity decreases with increasing length of the follow-up interval (Pelletier, et al, 1994) ; thus, this study may have underestimated true associations.
Child age and gender, socio-economic status, season and breast-feeding are important confounders of the nutritional status-mortality relationship (Pelletier, et al, 1994) . El-Samani et al (1988) noted higher incidence rates of diarrhoea among children who had diarrhoea in the previous child-period, which needs to be taken into account when looking at the underweight-diarrhoea relationship. Chowdhury et al (1990) found increased risks of diarrhoea among moderately and severely stunted and wasted children without diarrhoea in the previous follow-up interval. In this study diarrhoeal disease was signi®cantly associated with previous diarrhoea but not with respiratory symptoms and neither limiting the analysis to children free of symptoms at baseline nor adjusting for the previous presence of the speci®ed morbidity changed the risk estimates of the undernutrition-morbidity relationship markedly.
In this study we adjusted for important confounders like age, maternal literacy, household wealth, the availability of piped water and a latrine in the house, region of residence, periodic vitamin A supplementation during the study, feeding practice, dietary vitamin A intake, season and WaH or HaA in the models estimating associations between morbidity and stunting or wasting, respectively. Maternal nutrition status and birth weight were not considered potential confounders in this study because their effects are greatest in the ®rst 6 months and these data were not available. Moreover all children enrolled in this study were older than 6 months. Beyond 6 months of age, linear and ponderal growth are largely determined by feeding Multivariate models included weight-for-age (WaA) Z-scores, age, gender, piped water in the house, latrine in the house, maternal literacy, wealth, region of residence, vitamin A supplementation during the study and dietary vitamin A intake, morbidity in the previous round, breast-feeding, and season as further speci®ed in the text. d The analysis involving breast-feeding was limited to children under the age of 2 y. e w 2 as the difference between the 72 log likelihood between models with and without respective interaction product term; d.f. degrees of freedom.
Undernutrition and childhood infections J Kossmann et al practices, type of diet, and exposure to pathogens, all of which are related to socio-economic status. Nevertheless, residual confounding related to socio-economic status, previous or concurrent morbidity from other diseases, through incompleteness and measurement error, genetic factors, the synergy between nutrition status and morbidity from infectious or other diseases, and other unknown factors cannot be excluded. In this study severe, moderate and even mild stunting, wasting and underweight increased the risk of subsequent diarrhoeal disease. These results are in accordance with those from a study observing elevated risks of diarrhoea among underweight Mexican children (Sepu Âlveda et al, 1988) with relative risks ranging from 10% to 110% across WaA categories using deciles and adjusting for some important confounders. Stunting and wasting were also associated with the incidence and duration of diarrhoea in a Guatemalan study and an Ethiopian study population (Delgado et al, 1983; Lindtjùrn et al, 1993) . Studies among Bangladeshi pre-school children found positive associations between wasting and underweight and the duration but not the incidence of diarrhoea (Black et al, 1984; Bairagi et al, 1987) while another found duration of diarrhoea only to be signi®cantly associated with underweight (Chowdhury et al., 1990) . The studies examining associations between undernutrition and infections differed substantially in design and analyses, demographic factors of the study population and adjustments for covariates. Moreover, very high infectious loads could reduce the effect of poor nutritional status on the incidence or duration of diarrhoea, which may partly explain why some studies did not observe any associations between undernutrition and the incidence or duration of diarrhoea in India and Bangladesh (Chen et al, 1981; Mathur et al, 1985) .
Our observation of a stronger association between undernutrition and febrile diarrhoea compared with diarrhoea alone is in accordance with a study showing that underweight was signi®cantly associated with both the duration and the incidence of diarrhoea when the diarrhoea was accompanied by a very high fever (James, 1972) . Because data on the duration of diarrhoea were not collected, we could not examine the relationships between nutritional status and the duration of diarrhoeal disease.
In summary, more studies have observed associations between undernutrition and the duration of diarrhoea than between undernutrition and the incidence of diarrhoeal disease. Such associations are biologically plausible because undernutrition can result in a depressed speci®c and unspeci®c immune system, which increases the susceptibility to disease, requiring a longer time to eliminate the pathogens, a slower turnover of intestinal cells with longer recovery of damaged enterocytes, and reduced intestinal enzyme activity that could prolong diarrhoea (Sepu Âlveda et al, 1988; Scrimshaw, 1992; Santos, 1994) . Reduced secretory activity associated with prolonged diarrhoea may be present without severely damaging the mucosa itself. This and the fact that milder disease is common in the community may partly explain why the association between undernutrition and the duration of diarrhoea has been observed more frequently than for the incidence of diarrhoeal disease. Also, children with Z-scores above the conventional cut-off of 72 Z were at greater risk of diarrhoea, re¯ecting that a statistically meaningful cut-off does not necessarily re¯ect biological signi®cance. Hence, even mild undernutrition should not be ignored as a risk factor for morbidity.
In the Sudan study non-febrile cough was inversely associated with the severity of wasting and underweight while febrile cough was positively associated with underweight and to a lesser extent also with wasting or stunting. The lower incidence rates of non-febrile cough among very severely and severely wasted children compared with better and normally nourished children, might re¯ect the relationship between undernutrition and impaired immunity. In other words, producing the symptom non-febrile cough might require at least a partially functioning localized non-speci®c and speci®c immune response to infectious agents that may prevent the promotion of more generalized severe disease, mechanisms which may not be present among very severely and severely wasted children. Substantial impairment of mechanical borders and humoral and cellular immunity is known to be associated with severe undernutrition (Scrimshaw, 1992; Santos, 1994) . The categories`cough' and`cough with fever' were mutually exclusive in the Sudan study. The higher incidence of cough alone among better and normally nourished than among severely undernourished children, and the higher incidence of febrile cough among the undernourished than among the better nourished children, might re¯ect more generalized reactions resulting from the incapacity to produce the localized cough reaction. In this study dietary vitamin A intake in contrast to periodic vitamin A supplementation was signi®cantly and positively associated with cough alone and inversely associated with febrile cough (Fawzi et al, 1995) . Vitamin A de®ciency is known to adversely effect mechanical barriers and both humoral and cellular immune functions, similar to the effects of moderate and severe undernutrition (Scrimshaw, 1992; Fawzi et al, 1995) .
The observed signi®cant positive associations between underweight, mild and moderate stunting and the nonsigni®cant positive association between severe wasting and febrile cough, all after adjusting for covariates, are in accordance with ®ndings from other community-based studies (Tupasi et al, 1988 (Tupasi et al, , 1990 Smith et al, 1991; Ballard et al, 1995; Zaman et al, 1996) . Among Filipino preschool-children, being moderately underweight was associated with acute respiratory infections (ARI) and substantially more so with acute lower respiratory infection (ALRI) than being normally nourished children (Tupasi et al, 1988 (Tupasi et al, , 1990 . Undernutrition, particularly stunting and underweight, was positively associated with the subsequent risk of ALRI among pre-school-children in Kenya and Papua New Guinea (Smith et al, 1991; Ballard et al, 1995) , as was stunting, wasting and underweight among pre-school children in Bangladesh (Zaman et al, 1996) .
Less protection against pathogens and exposure to contaminated food in environments with poor hygiene during the weaning period are major contributors to the high incidences of morbidity, particularly diarrhoea during the ®rst 2 y of life (Black et al, 1982) . Maternal education and other socio-economic factors are related to child malnutrition, notably stunting (Bertrand et al, 1988) . Our results from the strati®ed analyses are in accordance with these ®ndings. Different risks of diarrhoeal disease and febrile cough across the region of residence re¯ect environmental sanitation and other factors related to access to food.
In this study breast-feeding was observed to be protective against diarrhoeal disease and febrile cough among Undernutrition and childhood infections J Kossmann et al better and normally nourished children and to be a modi®er of the relationship between nutritional status and diarrhoeal disease. Among these Sudanese children breast-feeding also was a strong modi®er of the relationship between undernutrition and all-cause mortality (Fawzi et al, 1997) . These ®ndings are in accordance with those from a study examining breast-feeding in relation to mortality from diarrhoea and respiratory infections among Filipino children (Yoon et al, 1996) . The smaller difference between the risk of subsequent diarrhoeal disease across breast-feeding status among the severely underweight compared with the moderately underweight children suggests a larger protective effect of breast-feeding among moderately undernourished children. Formal tests for interaction, however, were not signi®cant. Due to the small number of children being exclusively breast-fed the category`breastfeeding' in this analysis comprised also children being only partially breast-fed, which may have attenuated a true modifying association. Dietary vitamin A intake was not an important modi®er in this study but was signi®cantly inversely associated with diarrhoea and respiratory infections and mortality, as well as linear and ponderal growth, in studies examining these relationships in this study population in detail (Fawzi et al, 1994 (Fawzi et al, , 1995 (Fawzi et al, , 1997 . Seasonal variations with higher incidences of respiratory infections during the dry months (Lindtjùrn et al, 1993) and of diarrhoea during the rainy season have been reported (Sepu Âlveda et al, 1988) . Most of the potential biases identi®ed in this study would have under rather than over-estimated true associations. The ®ndings from this study are in accordance with results from studies similar in design and analyses, and support the notion of a causal relationship between moderate and severe and even mild undernutrition and diarrhoeal disease and respiratory infections. In view of the synergistic relationship between undernutrition and infections, preventive interventions to ensure proper child feeding practices, substantially improve socio-economic conditions, and provide basic preventive and curative health services are as necessary among the mildly and normally nourished children as among the moderately and severely undernourished children in developing countries.
